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Abstract 
The methanolic extracts of 18 tropical and subtropical plants were evaluated using various in vitro assays: DPPH radical 
scavenging activity, H2O2 radical scavenging activity, β-carotene bleaching assay, and reducing power assay. Total phenol 
content measurements of several tropical and subtropical plants were determined by Folin-Ciocalteau reagent equivalent to gallic 
acid and quercetin. The α-glucosidase inhibitory assay was conducted against α-glucosidase from Saccharomyces cerevisiae. The 
inhibitory mechanisms of the active compounds were analyzed using Lineweaver-Burk plots. The plant extracts were obtained by 
the maceration method using methanol as the solvent. A significant and linear correlation coefficient between the antioxidant 
activity and the total phenolic content was found in the methanol extracts. The result revealed that the subtropical plants Quercus 
gilva Blume and Quercus phillyraeoides A. Grey had the highest antioxidant activities (IC50) with 38.53±3.10 and 25.00±1.43 
μg/mL, respectively, while Mallotus japonicus and Quercus phillyraeoides A. Grey had the highest α-glucosidase inhibitory 
activities (IC50) with 8.46±0.30 and 9.88±0.36 μg/mL, respectively. Thus, these plants could potentially be rich sources of natural 
antioxidants and anti-diabetes medicine. 
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1. Introduction 
Free radicals can cause oxidative damage to the human body, eventually leading to chronic diseases, such as 
atherosclerosis, cancer, diabetes, and aging1,2. Besides free radicals that come from the surrounding environment, 
some physiological and biochemical processes in the human body may produce reactive oxygen species (ROS), such 
as superoxide radicals (O2
.-), hydroxyl radicals (OH.), and peroxyl radicals (ROO.), as byproducts. Overproduction 
of these radicals can also cause oxidative damage to biomolecules such as proteins and lipids in humans3,4. Therefore, 
antioxidants are considered important because of their many health benefits. Antioxidants are compounds that can 
delay or slow down the process of oxidation of a compound. This means that antioxidants can inhibit the formation 
of free radicals in the early stages, or interfere with the propagation reaction of free radical chain reactions. 
Antioxidants are widely used in the food industry as potential inhibitors of lipid peroxidation5. However, it has been 
reported that synthetic antioxidants can accumulate in the human body and possibly cause cancer and other organ 
damage. Accordingly, using natural antioxidants extracted from plants is highly recommended in food applications 
for safety, and their potentially nutritional and therapeutic effects6. Vegetables, fruits, herbs, and spices may contain 
a wide variety of free radical scavenging molecules, such as phenolic compounds, nitrogen compounds, vitamins, 
and terpenoids, which are rich in antioxidant activity7–9. In view of these potential health benefits, there has been an 
intensive research on natural antioxidants derived from plants. 
Diabetes mellitus (DM) is the most serious, chronic metabolic disorder and is characterized by high blood glucose 
levels. Worldwide, the number of patients is rapidly growing and approximately 180 million people currently have 
type 2 DM based on a report by the World Health Organization10. Serious side effects of DM such as retinopathy and 
cataracts can also occur. One therapeutic approach for diabetes is to postpone absorption of glucose through 
inhibition of carbohydrate-hydrolyzing enzymes, e.g., α-glucosidase in the digestive organs. There are reports of 
established α-glucosidase inhibitors from plants and its effects on blood glucose levels after food uptake11. Inhibiting 
α-glucosidase leads to delaying the digestion of carbohydrates12. Thus, α-glucosidase inhibitors exhibit high promise 
as therapeutic agents for the treatment of type 2 DM and hyperglycemia13. Acarbose is the most widely-used α-
glucosidase inhibitor, but it also has gastrointestinal side effects14. Plants are potential sources of drugs and many 
currently available drugs have been derived from plants. Ethnobotanical reports show that about 800 plants may 
possess anti-diabetic potential15. Therefore, α-glucosidase inhibitors screened from plants has attracted great 
attention in recent years16. 
The aim of the present study was to evaluate antioxidant activities, α-glucosidase inhibitory activity, and total 
phenol content of 18 tropical and subtropical plants using various in vitro assays: DPPH radical scavenging activity, 
H2O2 radical scavenging activity, β-carotene bleaching assay, and reducing power assay. The results of these assays 
can then be used to verify the medicinal effects of these active extracts from plants. Furthermore, plants could be 
employed as natural resources for potentially new antioxidant and antidiabetic medicine that can be developed 
sustainably as natural products. 
2. Materials and Methods 
2.1. Chemicals 
1,1-diphenyl-2-picrylhydrazyl (DPPH), β-carotene, α-glucosidase [(EC 3.2.1.20)] type I from Sacharomyces 
cerevisiae, p-nitrophenyl α-D-glucopyranoside (p-NPG), potassium ferricyanide [K3Fe(CN)6], trichloroacetic acid, 
ferric chloride (FeCl3), and hydrogen peroxide were purchased from Wako Chemical Co. Ltd (Osaka, Japan). Tween 
40 and quercetin were purchased from Sigma-Aldrich Co. Ltd. (Tokyo, Japan). All solvents used in this study were 
purchased from Wako Pure Chemical Industries, Ltd.  
2.2. Plant materials 
The leaves of several tropical plants (Curcuma aeruginosa Roxb., Zingiber cassumunar Roxb., Morinda citrifolia, 
and Colocasia esculenta L.Schott) were collected from Yogyakarta, Indonesia in August 2013, while the leaves of 
several subtropical plants (Nerium Indicum, Osmanthus fragrans var aurantiacus, Quercus glauca Thunb, Quercus 
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gilva Blume, Ligustrum lucidum, Ligustrum japonicum, Mallotus japonicus, Taxus cuspidata S. et Z. var nana Rehdr, 
Xylosoma congestum Merr., Quercus phillyraeoides A. Grey, Laurus nobilis L., Quercus dentata Thunb, Aloe vera 
(L.) Burm f., and Podocarpus macrophyllus var maki) were collected from Ehime University, Matsuyama, Japan in 
October 2013. Voucher specimens have been deposited in the Department of Plant Chemistry, Faculty of Agriculture, 
Ehime University, Japan. 
2.3. Preparation of methanol extracts 
The plant material was dried, powdered and extracted with methanol (1:8 w/w) at room temperature for 3 days. 
The methanol extract was filtered and the residue was extracted twice under the same condition. The methanol 
filtrate was evaporated using a rotary evaporator to yield methanol soluble extracts. 
2.4. DPPH radical scavenging assay 
Samples were dissolved in methanol at various concentrations and treated with DPPH (1 mM in methanol) and 
left to stand for 30 min at room temperature in the dark. Absorbance was measured at 517 nm using a UV-Vis 
spectrophotometer17. The ability of the samples to scavenge the DPPH radical was calculated using the following 
equation:  
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
        (1) 
where A0 is absorbance of the control and A1 is absorbance in the presence of the sample. The inhibitory 
concentration (IC50) of the samples was calculated using regression analysis from a graph plotting scavenging 
activity against concentration. The assays were carried out in triplicate. 
2.5. α-Glucosidase inhibitory assay  
Samples were dissolved in dimethyl sulfoxide at various concentrations (10 μL) and treated with p-NPG (250 μL, 
3 mM) and phosphate buffer solution (490 μL, 100 mM, pH 7). The solution was pre-incubated at 37oC for 5 
minutes. Then, 250 μL of α-glucosidase enzyme (0.065 U/mL) was added and the reaction continued for 15 minutes. 
The reaction was stopped by adding 1 mL of 0.2 M Na2CO3. The mixtures were measured at 400 nm using a UV-Vis 
spectrophotometer18.  
2.6. Hydrogen peroxide radical scavenging inhibitory assay  
A solution of hydrogen peroxide (40 mM) was prepared in phosphate-buffer saline (PBS, pH 7.4). Samples at 
various concentrations in 4 mL distilled water were added to hydrogen peroxide solution (0.6 mL). The solution was 
left to stand for 10 minutes and the absorbance was measured at 230 nm19. 
2.7. β- Carotene- linoleate model assay  
A solution of β-carotene was prepared by dissolving 2 mg of β-carotene in 10 mL of chloroform. Then, 2 mL of 
the solution was transferred into a boiling flask containing 20 mg linoleic acid and 200 mg Tween 40. Chloroform 
was removed using a rotary evaporator and 50 mL of distilled water was slowly added. Aliquots of the emulsion (4.8 
mL) were transferred into different test tubes containing 0.2 mL of samples in methanol. The tubes were incubated at 
50°C in a water bath. As soon as the emulsion was added to each tube, the zero time absorbance was measured at 
470 nm using a spectrophotometer 20. Absorbance readings were then recorded at 120 min intervals. 
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2.8. Reducing power assay  
A test sample solution (1 mL, 20 g/mL) was mixed with phosphate buffer (2.5 mL) and potassium ferricyanide 
(2.5 mL). The mixture was incubated at 50oC for 20 min. Aliquots of trichloroacetic acid (2.5 mL) were added to the 
mixture, which was then centrifuged at 3000 rpm for 10 min. The upper layer of the solution (2.5 mL) was mixed 
with distilled water (2.5 mL) and a freshly prepared ferric chloride solution (0.5 mL). The absorbance was measured 
at 700 nm21.  
2.9. Total phenolic content (TPC) 
The TPC of the extracts was determined using Folin-Ciocalteu reagent22. The reaction mixture contained 100 μL 
of extracts, 500 μL of the Folin-Ciocalteu reagent, and 1.5 mL of 20% sodium carbonate. The final volume was 
made up to 10 mL with pure water. After 2h of reaction, the absorbance at 765 nm was measured and used to 
calculate the phenolic content using gallic acid as a standard. 
2.10. Statistical analysis 
All assays were conducted in triplicate. Statistical analysis was performed with SPSS 16.0 for analysis of variance 
(ANOVA) followed by Duncan’s test. Differences at p<0.05 were considered to be statistically significant. 
3. Results and Discussion 
3.1. Antioxidant activity  
The antioxidant activity of the methanolic extracts of the 18 plants from tropical and subtropical regions was 
determined using several assays: DPPH radical scavenging activity, H2O2 radical scavenging activity, β-carotene 
bleaching assay, and reducing power. The results of the free radical scavenging activity assays of the extracts are 
presented in Table 1. 
The scavenging capacity of extracts ranged from 25.0 to >500 μg/mL. Quercetin as a standard exhibited an IC50 
of 8.4 μg/mL. Among the plant extracts, the highest DPPH scavenging capacity was shown by the extracts of the 
subtropical plants Q. phillyraeoides A. Grey and Q. gilva Blume with an IC50 of 25.0 and 38.5 μg/mL respectively. 
The difference in the values for these Quercus plants was not statistically significant (Table 1). The tropical plants 
were found to be less active compared with the subtropical plants with an IC50 of >500 μg/mL except for C. 
aeruginosa Roxb that had an IC50 of 292.3 μg/mL. Quercetin was used as a positive control in this experiment. 
Evaluating antioxidant activity using a free-radical scavenging assay might provide information on the capability of 
an antioxidant in preventing radical species from attacking proteins, fatty acids, DNA, amino acids, and sugar in 
biological or food systems. DPPH is a relatively stable organic radical that has been widely used in determining 
antioxidant activity of natural compounds in an easy, rapid, and sensitive way23,24. The DPPH alcohol solution is 
deep purple with an absorption peak at 517 nm, which becomes yellow in the presence of a radical scavenger in the 
system and when the odd electron of nitrogen in the DPPH is paired. Differences in DPPH IC50 among the 
methanolic extracts of the 18 plants from tropical and subtropical regions can be related to differences in phenolic 
content of the extracts. he radical scavenging activity of DPPH stems from its ability to accept an electron or 
hydrogen radical and hence become a stable molecule. Phenolic compounds capable of donating a hydrogen atom 
are known to be more effective in scavenging radicals.  
The scavenging ability of extracts on hydrogen peroxide is also shown in Table 1 and compared with gallic acid 
as standard. The scavenging capacity of extracts (IC50) ranged from 104.2 to >300 μg/mL. The subtropical plant Q. 
phillyraeoides A. Grey exhibited the highest scavenging activity with104.2 μg/ml, while gallic acid had a 
scavenging activity of 52.0 μg/mL. This result is in accordance with the result in the DPPH scavenging test. Other 
extracts that had high scavenging activity were C. aeruginosa Roxb.with an IC50 of 105.4 μg/mL, representing the 
most active extract from the tropical plants, and M. japonicus, O. fragrans var aurantiacus from the subtropical 
plants with an IC50 of 110.8 and 116.0 μg/mL, respectively. Although hydrogen peroxide is not very reactive in 
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human cells, it can sometimes be toxic which causes an increase of hydroxyl radicals in the cells [25]. Thus, 
antioxidants that can remove hydrogen peroxide, which are important in biological and food systems. 
Table 1. Antioxidant activity of methanolic extracts of 18 plants from tropical and subtropical regions and their total phenolic content 
 
Plant DPPH scavenging 
(IC50, μg/mL) 
H2O2 scavenging 
(IC50, μg/mL) 
 
Reducing power, 
gallic acid equivalent  
(mg/g extract) 
Total phenolic content, 
gallic acid equivalent 
at 100 μg/mL  
(mg/g extract) 
Curcuma aeruginosa Roxb.* 292.3h 105.4b 35.1f 43.2d 
Morinda citrifolia* >500i >300i 18.4a 21.1a 
Colocasia esculenta L.Schott (leaves)* >500i >300i 32.0e 32.1c 
Colocasia esculenta L.Schott (tuber)* >500i >300i 21.8b 23.7b 
Nerium indicum 267g >300i 28.0d 43.5d 
Osmanthus fragrans var aurantiacus 114.3d,e 116.0c 37.2g 132.6m 
Quercus glauca Thunb 55.7c 173.6e 59.4k 93.7j 
Quercus gilva Blume 38.5b 132.7d 69.5m 128.0l 
Ligustrum lucidum 155.3f 276.9g 25.7c 48.3e 
Ligustrum japonicum 147.7f 286.3h 31.5e 65.8g 
Mallotus japonicus  56.1c 110.8b,c 61.7l 286.4p 
Taxus cuspidata S. et Z. var nana Rehdr 102.7d 172.2e 46.3h 93.9j 
Xylosoma congestum Merr. 63.0c 141.2d 79.0n 139.1n 
Quercus phillyraeoides A. Grey  25.0b 104.2b 99.9o 204.8o 
Laurus nobilis L. 68.4c 169.4e 68.0m 73.3i 
Quercus dentate Thunb 119.3e 204.8f 52.2i 67.8h 
Aloe vera (L.) Burm f. >500i >300i 28.9k 51.8f 
Podocarpus macrophyllus var maki 65.6c 141.8d 57.5j 102.8k 
Quercetin (std) 8.4a    
Gallic acid (std) 4.1a 52.0a   
Different letters in the same column indicate significant differences (p<0.05). Asterisk (*) indicates tropical plants. 
 
The reducing power assay measures the ability of antioxidants to reduce ferric ion (Fe3+) to ferrous (Fe2+) ion 
through donation of an electron. The ability of an antioxidant to reduce the ferric ion to ferrous ion is an indication 
of its ability to act as a pro-oxidant in biological or food systems. In this study, we used the gallic acid equivalent for 
reducing power ability. The reducing power of the plant extracts ranged from 18.4 to 99.9 μg/mL. Overall, the 
results in Table 1 indicate that the subtropical plant Q. phillyraeoides A. Grey had the strongest reducing power of 
the extracts investigated, with 99.9 mg/g (gallic acid equivalent). The tropical plants were less active compared with 
the others with reducing power activity ranging from 21.8 to 35.1 μg/mL. This result is in accordance with the 
results of the DPPH and H2O2 radical scavenging assays. The flavonoids group is well known for its ability to donate 
electrons26. Other studies have revealed that the presence of an amino group can exhibit high reducing activity in a 
reducing power assay27. Furthermore, the different substituents on the phenyl of chalcone moiety also plays an 
important role in the reducing power of compounds28.  
The ability of plant extracts to prevent oxidation of the β-carotene-linoleate system compared with ascorbic acid 
as standard is shown in Figure 1.  
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Fig 1. β-carotene bleaching assay of tropical and subtropical plants at 100 μg/mL. 
 
The β-carotene-linoleate bleaching assay was conducted because food generally consists of a lipid and water system 
with some emulsifier. Therefore, an aqueous emulsion system of β-carotene and linoleic acid was used to evaluate 
the antioxidant activity of the plant extracts. The free peroxy radical in this system was formed when oxidized 
linoleic acid attacked β-carotene molecules that consequently underwent rapid decolorisation. The results show that 
most of the investigated extracts efficiently inhibited the oxidation of emulsified linoleic acid and as a result 
inhibited β-carotene bleaching. The subtropical plants Q. phillyraeoides A. Grey, Q. gilva Blume and M. japonicus 
had the highest ability in protecting β-carotene bleaching compared with other extracts with an activity of 52.1%, 
52.4%, and 51.2%, respectively. The leaf extract of C. esculenta was the most active extract among the tropical 
plants with an ability to protect β-carotene bleaching of 32.7%. These results were higher than the ascorbic acid as 
standard that has antioxidant ability of 25.2%. Anthocyanins, flavonols, and flavanols have been reported to be 
active in the β-carotene bleaching test, while phenolic acids were less active [29]. In this study, the methanolic 
extracts of tropical and subtropical plants mostly protected the oxidation of emulsified linoleic acid, which was 
confirmed by the presence of phenolic compounds in the total phenolic content (Table 1). 
By comparing the antioxidant activity measured using four different methods (DPPH radical scavenging, H2O2 
radical scavenging, reducing power, and β-carotene-linoleate bleaching assays), it is seen that all the samples 
showed almost similar trends among the four methods. Therefore, we conclude that all of the methods are consistent 
with each other in evaluating the antioxidant activity of methanolic extracts from tropical and subtropical plants. 
3.2. Correlation of antioxidant activities in terms of their total phenolic content 
The total phenolic content of the 18 plant extracts was measured using Folin-Ciocalteu’s reagent. The results are 
presented as milligrams of gallic acid equivalent (GAE) per gram of dry extract (Table 1). The mean values of total 
phenolic content varied from 21.1 to 286.4 mg/g (gallic acid equivalent). Among the extracts, the highest phenolic 
content was observed in the extracts of M. japonicus with 286.4 mg/g, followed by Q. phillyraeoides A. Grey, X. 
congestum Merr., and O. fragrans var aurantiacus with 204.8, 139.1, and 132.6 mg/g, respectively. In addition to 
these plants, moderate levels of total phenolic content were found in Q. gilva Blume, Q. glauca Thunb, T. cuspidata, 
and P. macrophyllus, with 128.0, 93.7, 93.9 and 102.8 mg/g, respectively. The tropical plants seem to have less 
phenolic content compared with the subtropical plants, with a range from 21.1 to 43.2 mg/g. Of the tropical plants, C. 
aeruginosa Roxb had the highest phenolic content. 
To understand the relationship between the antioxidant activities of the plant extracts and their total phenolic 
content, their correlation was plotted (Figure 2).  
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a. b.  
Fig 2. Correlation between antioxidant activity of extracts and total phenolic content: a. DPPH radial scavenging of extracts at 100 μg/mL b. 
reducing power of extracts (gallic acid equivalent) at 50 μg/mL. 
 
The antioxidant activity of DPPH radical scavenging at 100 μg/mL (y) and total phenolic content (x) of the 
extracts (Fig. 2a.) had a correlation coefficient of R2=0.65 (y=0.351x+13.77). This result suggests that 65% of the 
antioxidant activity of the plant extracts results from the contribution of phenolic compounds. The same trend was 
also observed in the correlation between antioxidant activity by reducing power assay at 50 μg/mL with its total 
phenolic content (Fig. 2b), which had a correlation coefficient of R2=0.87 (y=0.448x+12.36). This result suggests 
that about 87% of the antioxidant activity of the plant extracts results from the contribution of phenolic compounds. 
These two results reveal that antioxidant activity has a positive correlation with their total phenolic content. Also, it 
can be concluded that the antioxidant activity of the plant extracts is not limited to phenols. Activity may also come 
from the presence of other antioxidant secondary metabolites, such as volatile oils, carotenoids, and vitamins. The 
antioxidant activity of phenols is mainly due to their redox properties, which allow them to act as reducing agents, 
hydrogen donors, and singlet oxygen30. Furthermore, free radical scavenging and antioxidant activity of phenols 
mainly depends on the number and position of hydrogen-donating hydroxyl groups on the aromatic ring of the 
phenol molecules31. The results previously presented are in agreement with phenol compounds being major 
contributors to the antioxidants of plants, which is in accordance with the literature32.  
3.3. α-Glucosidase inhibitor activity  
α-Glucosidase inhibitors which inhibit enzymes in the intestine are effective in delaying glucose absorption and 
preventing elevation of the postprandial blood glucose level, and therefore, they play a significant role as 
chemotherapeutic agents for noninsulin-dependent diabetes mellitus33. To develop a physiological functional food or 
compounds for antidiabetic therapy, effective and safe α-glucosidase inhibitors from nature were sought34. We 
investigated the inhibitory activities of the plant extracts against α-glucosidase from S. cerevisiae. Quercetin was 
used as a positive control based on reports that phenolic compounds have a stronger inhibitory effect on α-
glucosidase than acarbose35. The IC50 values of all the extracts are shown in Table 2, which shows that the 
subtropical plants M. japonicus and Q. phillyraeoides A. Grey had the highest α-glucosidase inhibitory activity with 
an IC50 of 8.4 and 9.8 μg/mL, respectively. The difference in these values was not statistically significant with 
quercetin as standard, which had an α-glucosidase inhibitory activity (IC50) of 4.2 μg/mL. The subtropical plants Q. 
glauca Thunb, Q. dentata Thunb, and P. macrophyllus var maki had a moderate α-glucosidase inhibitory ability 
compared with other extracts with an IC50 of 44.7, 42.2, and 45.2 μg/mL, respectively. All the tropical plants had 
less α-glucosidase inhibitor activity with an IC50>200 μg/mL. This result shows that both M. japonicus and Q. 
phillyraeoides A. Grey are potential sources for α-glucosidase inhibitor active compounds. 
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Table 2.α-Glucosidase inhibitory activity of several tropical and subtropical plants 
Plant α-glucosidase inhibitory 
activity (IC50, μg/mL) 
α-glucosidase inhibitory 
activity of extract at 200 
μg/mL (%) 
Curcuma aeruginosa Roxb. * >200d 38.98f 
Morinda citrifolia * >200d 12.83b 
Colocasia esculenta L. Schott (leaves)* >200d 21.28c 
Colocasia esculenta L. Schott (tuber)* >200d 30.94d 
Nerium indicum >200d 33.44e 
Osmanthus fragrans var aurantiacus >185.7c 46.32g 
Quercus glauca Thunb  44.7b 86.77m 
Quercus gilva Blume  110.0c 78.91k 
Ligustrum lucidum >200d 49.40i 
Ligustrum japonicum >200d 48.17h,i 
Mallotus japonicus  8.4a 96.51n 
Taxus cuspidata S. et Z. var nana Rehdr >200d 32.93e 
Xylosoma congestum Merr.  182.3c 55.63j 
Quercus phillyraeoides A. Grey  9.8a 98.57o 
Laurus nobilis L. >200d 47.26g,h 
Quercus dentataThunb 42.2b 87.79m 
Aloe vera (L.) Burm f. >200d 8.21a 
Podocarpus macrophyllus var maki 45.2b 83.34l 
Quercetin 4.2a - 
Different letters in the same column indicate significant differences (p<0.05). Asterisk (*) indicates tropical plants. 
 
Because the extracts of the subtropical plants Q. phillyraeoides and M. japonicus had higher activities than those 
of the other extracts, the inhibitory mechanisms in these extracts were further analyzed using Lineweaver-Burk plots. 
It is important to calculate Km (Michaelis-Menten constant) and Vmax to understand the enzyme characteristics. 
Vmax is the maximum initial rate of an enzyme-catalyzed reaction while Km indicates the substrate concentration at 
which the initial reaction rate is half of the maximum where the α-glucosidase solution is treated with increasing 
concentrations of substrate (p-NPG) with and without an inhibitor. Figure 3 shows that the extracts of Q. 
phillyraeoides A. Grey (a) and M. japonicus (b) both have mixed inhibition. 
 
 
a. b.  
Fig. 3. Lineweaver-Burk plots of Q. phillyraeoides (a) and M. japonicus (b) against S. cerevisiae α-glucosidase at different concentrations of p-
NPG. 
 
The Lineweaver-Burk plot regression analysis revealed that the inhibitors affect the reduction in Vmax and the 
increase in Km. The Q. phillyraeoides A. Grey extract contains inhibitors of α-glucosidase that reduced Vmax from 
1.26 to 0.81 mM.min-1 and increased Km from 1.77 to 7.31 mM at concentration 25 μg/mL. The M. japonicus 
-20
-10
0
10
20
30
40
50
60
-1 -0,5 0 0,5 1 1,5
1/
V
 (Δ
A
40
0/
m
in
)-1
 
[1/S] (mM)-1 
0 μg/ml
25 μg/ml
50 μg/ml
-2
-1
0
1
2
3
4
5
-1 -0,5 0 0,5 1 1,5
1/
V
 (Δ
A
40
0/
m
in
)-1
 
[1/S] (mM)-1 
0 μg/ml
12.5 μg/ml
25 μg/ml
647 Anastasia Wheni Indrianingsih et al. /  Procedia Environmental Sciences  28 ( 2015 )  639 – 648 
extract showed a similar trend in which the inhibitor of α-glucosidase reduced Vmax from 3.64 to 1.34 mM.min-1 
and increased Km from 2.04 to 3.82 mM at concentration 25 μg/mL. The mixed inhibition results suggest that the 
inhibitor can bind to the enzyme at the same time as the substrate. A possible reason for the extracts showing mixed 
inhibition may be due to the extract having more than one α-glucosidase inhibitor. Hydrogen bonding is a crucial 
factor in the interactions between the enzyme and its substrates and the conformation and orientation of the 
inhibitors at the active site36. 
Conclusion 
The antioxidant activity, total phenolic content, and α-glucosidase inhibitory activity of methanolic extracts of 18 
tropical and subtropical plants were evaluated. Four methods of antioxidant assay were successfully applied to 
evaluate the antioxidant activity of the plant extracts, giving similar results. The results of the present work showed 
that Q. gilva Blume, Q. phillyraeoides, and M. japonicus are potentially rich sources of natural antioxidants and anti-
diabetes medicine that can be developed sustainably as natural products. There was also good correlation between 
total phenolic content and antioxidant activities of the extracts. Further isolation of bio-active compounds from 
potential extracts is being investigated.  
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